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57 ABSTRACT

A superconducting garnet thin film system (10) is provided
for high frequency microwave applications where a single
crystal high temperature superconducting (HTSC) layer (18)
is integrated with a garnet substrate (12). A first perovskite
compound buffer layer (14) is epitaxially grown on an upper
surface of the garnet substrate layer (12) and defines a lattice
constant less than the lattice constant of the garnet substrate
layer (12) with the first perovskite layer being aligned in a
cube on cube parallel orientation with respect to the garnet
substrate layer (12). A second perovskite layer (16) is
epitaxially grown on an upper surface of the first perovskite
layer (14) at an orientation of 45° to first layer (14) and
defines a lattice constant less than the lattice constant of the
first perovskite layer. The HTSC layer (18) is epitaxially
orown on an upper surface of the second perovskite layer
(16) in parallel aligned orientation and is lattice matched to
the second perovskite compound layer (16) for incorporation
of passive components within the high temperature super-
conducting layer (18) having high frequency microwave
applications.

22 Claims, 3 Drawing Sheets
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SUPERCONDUCTING GARNET THIN FILM
SYSTEM

REFERENCE TO RELATED PARENT
APPLICATTONS

This Patent Application 1s a Continuation-in-Part of
patent Application Ser. No. 08/362,894 {iled on Dec. 23,
1994, now U.S. Pat. No. 5,635,453.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The garnet superconducting thin film system of the
present 1nvention relates to superconducting structures in
combination with fabrication of such structures for general
but not exclusive use 1n the high end micro-wave spectrum
for particular application to satellite communications, cel-
lular communications, radar and missile seeking devices
which require higher frequencies in the millimeter wave-
length region.

Such garnet structures are particularly useful for incor-
poration of passive microwave components incorporated
within a high temperature superconducting layer (HTSC)
with such components 1including resistors, capacitors, delay
lines, filters, as well as a number of other electronic com-
ponents. In particular, this invention pertains to supercon-
ducting thin film systems which provide for low microwave
loss superconducting film integrated with garnet substrates.
Still further, this invention relates to a garnet superconduct-
ing thin film system where a single crystal high temperature
superconducting layer (HTSC) is integrated with a garnet
substrate through a plurality of epitaxially grown and con-
figuously interfacing transitional buffer layers where the
buffer layers provide for both (1) a lattice constant matching
criteria between a lattice constant of the garnet substrate and
the lattice constant of the high temperature superconducting
layer, and, (2) a minimization of chemical reactions and
diffusion between the substrate and the HI'SC which has a
deleterious effect on the superconducting properties.
Surprisingly, it was found that certain perovskite compounds
used as buffering layers provided a smooth lattice constant
transition while minimizing the unwanted chemical reac-
tions between the garnet substrate and the HTSC.

Further, this invention directs 1itself to a superconducting,
thin film system which provides for a garnet substrate
having a lattice constant with a first epitaxially grown and
contiguously interfacing perovskite compound buflfer layer
being deposited on an upper surface of the garnet substrate
with the perovskite compound buifer layer having a lattice
constant less than the lattice constant of the garnet substrate.
Additionally, the superconducting thin film system includes
a second perovskite compound buifer layer epitaxially
ogrown and contiguously interfacing with an upper surface of
the first perovskite builer layer with the second perovskite
compound buffer layer having a lattice constant less than the
lattice constant of the first perovskite buffer layer and
matched to or approximating the lattice constant of a single
crystal high temperature superconducting layer deposited on
an upper surface of the second perovskite buffer layer.

In order for superconducting films to be useful at higher
frequencies, substrate dielectric losses must be reduced
which requires a substrate such as garnet having a low
dielectric constant, and low loss tangent. However, garnet
substrates have a relatively large lattice constant and have
been found to be generally incompatible for integration with
high temperature superconducting layers. The subject super-
conducting thin film system provides a structure and method
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of forming the same which integrates the garnet substrate
layer with the high temperature superconducting film
through a series of perovskite compound buffer layers which
have monatonically decreasing lattice constant and are epi-
taxially grown on the garnet substrate and each to the other
to provide an overall structure having a decreasing lattice
constant throughout the layered system with a final perovs-
kite layer having a lattice constant substantially matching
the lattice constant of the high temperature superconducting

film.

Additionally, this invention relates to a superconducting
thin film system which provides for a garnet substrate
having a predetermined lattice constant with a first perovs-
kite compound layer grown i an epitaxial manner and
contiguously interfacing with an upper surface of the garnet
layer in a cube upon cube orientation growth with the
orientation angles being substantially the same. Further, a
second epitaxially grown perovskite compound layer 1is
contiguously interfaced with an upper surface of said first
perovskite compound layer with an orientation growth of
approximately 45° between the first and second perovskite
compound layers resulting 1n a differing orientation angle
between the first and second perovskite compound layers.
Finally, the HTSC layer 1s grown on the second perovskite

compound layer 1n a cube on cube manner with substantially
the same orientation.

2. Prior Art

High temperature superconducting thin films used 1n
microwave components must be deposited on a microwave
compatible substrate having a low dielectric constant and a
low loss tangent to avoid unacceptable power dissipation 1n
the substrate. High temperature superconducting thin films
have been deposited on a variety of substrates including
alkaline earth fluoride substrates with success. However,
cgarnet substrates are of great importance and have found
many uses 1n microwave applications due to their optimum
magnetic properties. However, attempts to grow high
quality, high temperature superconducting thin films on
garnet substrates have generally proved unsuccesstul due to
the fact that the films which were produced were found
ogenerally to be polycrystalline and had relatively low super-
conductive fransifion temperatures, and poor microwave
properties.

The main considerations dictating against the integration
of high temperature superconducting films with garnet sub-
strates are generally directed to (1) interfacial reactions
between the garnet substrates and the high temperature
superconducting films which are brought to the fore by the
extremely high processing temperatures required for the
orowth of certain high temperature superconducting films;
(2) a second consideration dictating against the integration
of the high temperature superconducting films with a garnet
substrate 1s due to the fact that there 1s a lack of lattice
matching between the high temperature superconducting
f1lms which generally have a lattice constant approximating
3.8 A to be orown on a garnet substrate having a lattice
constant between 11.0-13.0 A. This lattice mismatch dic-
tates against the growth of highly oriented films, since a
plurality of orientations are favored during the growth
Process.

By use of buifer layers formed of perovskite compounds
orown between the garnet substrate and the high temperature
superconducting film, it has been found that a lattice match-
ing technmique and structure 1s formed which allows for
highly oriented structures to be formed. By specifically
orowling perovskite compound layers having diminishing
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lattice constants between the garnet sublayer and the high
temperature superconducting film, a highly oriented thin
f1lm superconducting layer 1s formed which 1s highly useful
for microwave applications in the high frequency micro-
wave spectrum range.

Garnets, HTSC films, and perovskite compounds are
known 1n the prior art. The basic problem 1n the prior art has
been the combining of garnet substrates to HTSC films to
form a superconducting film which 1s useful especially 1n
microwave applications. Some prior art references have
combined superconducting films with certain perovskite
compounds and ceramic substrates, such as that shown 1in
U.S. Pat. No. 5,159,413. However, such prior art does not
address the problem of the subject Patent Application system
since the ceramic substrate does not provide for the afore-
mentioned properties of the garnet substrate particularly
uselul 1n microwave applications involving superconducting,
layers, but does not provide for the advantages and objec-
fives of the subject system as herein described.

Other prior art systems, such as that described in U.S. Pat.
No. 5,418,215 have tried to deposit or grow a superconduc-
tor film directly onto a garnet type substrate without any
buffer layers, however, such a combination has been found
o lead to a chemical reaction at the interface which has a
deleterious effect on the superconductor layer impacting
both on its structural and superconductive properties thus
rendering such layer inadequate for microwave components.

Other prior art such as U.S. Pat. No. 5,229,360 provide for
methods of forming particular multilayer circuits and 1n
some cases use perovskite compounds 1n interfacing rela-
tionship but such do not direct themselves to the combina-
tion of buffering layers sandwiched between an HTSC and
a garnet substrate for the purposes and objectives of the
subject system.

SUMMARY OF THE INVENTION

This invention provides for a superconducting thin film
system having a single crystal high temperature supercon-
ductor (HTSC) layer integrated with a garnet substrate. The
film system includes a garnet substrate having a predeter-
mined garnet substrate lattice constant and a single crystal
HTSC layer having a predetermined HTSC layer lattice
constant. A plurality of epitaxially grown and contiguously
interfacing perovskite compound buifer layers are deposited
between the garnet substrate and the HTSC layer. The
perovskite compound layer grown or deposited on the garnet
substrate has a lattice constant less than the garnet substrate
lattice constant and 1s grown in a cube on cube aligned
orientation. A perovskite compound layer having the HTSC
layer grown thereon has a lattice constant substantially
matching the HTSC and 1s grown on the first perovskite
layer at an orientation approximating 45° each with respect
to the other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of the garnet superconducting,
thin film layer system showing a garnet substrate and a
HTSC film layer integrated therewith by epitaxially grown
perovskite compound layers;

FIG. 2 1s a schematic diagram of the superconducting thin
film system showing exemplary layer lattice constants of
respective layers of the overall garnet thin film system;

FIG. 3 1s a perspective diagram of the superconducting
thin film system showing oriented layers; and,

FIG. 4 1s a perspective, exploded view of a portion of the
cgarnet superconducting thin film layer system showing

10

15

20

25

30

35

40

45

50

55

60

65

4

crystalline orientation alignment between the first perovskite
compound layer and the garnet substrate, approximately 45°
crystalline orientation between the second perovskite layer
and the first perovskite layer and crystalline orientation
alienment between the second perovskite compound layer

and the HTSC.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIGS. 1-4, there 1s shown garnet
superconducting thin film system 10 for integration of high
temperature superconducting layer (HT'SC) 18 with garnet
substrate 12 for particular use in microwave applications
where electronic devices may be fabricated by the 1ncorpo-
ration of components such as low loss passive networks,
filters and other like devices into HTSC 18. In the fabrica-
tion of microwave components, HI'SC thin films are
extremely useful; however, such must be deposited on
substrates which are microwave compatible generally hav-
ing a low dielectric constant as well as a low loss tangent 1n
order to avoid unacceptable power dissipation in the sub-
strate.

The HTSC layer 18 as referred to with respect to the
inventive concept herein described includes compounds
within the families of YBaCuO (YBCO), TBaCaCuO and

B1SrCaCu0O, as well as analogues thereof.

Garnet substrates 12 have been found to have acceptable
microwave properties and generally low dielectric constants
with an acceptable low loss tangent. However, 1in general,
carnet substrates 12 have not been able to be used with
HTSC layers 18 for a variety of reasons including a mis-
match in the lattice constant between garnet substrates 12
(generally between 11-13 131) and HTSC layer 18 (typically
approximating 4.0 131) which causes undesirable orientations
between the substrate and the film, which results in the
formation of grain boundaries which cause a reduction in
current density and poor microwave performance, and dis-
advantageous interfacial chemical reactions between the
HTSC layer 18 and the garnet layer 12 are created by a
number of parameters including the high processing tem-
peratures required for the growth of HTSC layer systems.

The object of this invention 1s to develop a garnet super-
conducting thin film system and fabrication technique for
providing microwave compatible HTSC layers 18 integrated
with garnet substrates 12 resulting mm a unique building
block for advanced microwave systems.

Garnet layer 12 1s a mineral silicate class of compounds
which are 1sometric 1 crystallization having a general
chemical formulation A;B.O,,. Such particular garnet com-
pounds where A 1s a rare earth element such as yttrium or
cgadolinium and B being either iron, galllum, or aluminum
have been found to be particularly useful in providing the
higch quality microwave compatible HTSC layers 18 as
herein described. Of particular 1mportance are the yttrium
gadolinium garnet (YIG), the gadolinium gallium garnet
(GGQG), and the yttrium aluminum garnet (YAG) having a
cubic crystalline structure with acceptable microwave appli-
cation parameters. Prior attempts to grow HTSC layers 18
on YIG, GGG or YAG layers 12 generally produced films
that were not monocrystalline but rather polycrystalline
having low superconductive transition temperatures which
did not produce acceptable microwave application systems.
Yttrium 1ron garnets have excellent magnetic properties for
microwave applications and with the ability to grow an
HTSC layer 18 on the YIG layer 12 would allow for

fabrication of efficient microwave non-reciprocal devices
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and magnetically tunable microwave devices, minimizing
the overall system space requirements which 1s of particular
interest to the communications industry for on-board mount-
ing on satellites or other space vehicles, and cellular com-
munication stations.

HTSC layer 18 may be formed of yttrium barium copper
oxide (YBCO) for use in trying to integrate such with garnet
substrate layer 12. However, YBCO layer 18 and garnet
layer 12 have a large lattice constant mismatch. The cubic
unit cell of the garnet layer 12 has lattice constants approxi-
mately ranging between 11.0 A-13.0 A and as compared to
the YBCO layer 18a—b plane which has dimensions of
a=3.82 A and b=3.89 A. Obviously, more than one orienta-
tion would be favored by this mismatch and microwave
quality YBCO films 18 with one unique orientation cannot
be grown on garnet substrates 12 under these conditions.

In accordance with the inventive concept as herein
described, 1t was hypothesized that a plurality of epitaxially
orown layers having gradually decreasing lattice constants
and sandwiched between HTSC layer 18 and garnet sub-

strate 12 could significantly reduce the lattice constant
mismatch, and eliminate the chemaical reaction between the

HTSC layer 18 and garnet substrate 12.

Thus, 1n order to attain a lattice constant transition
between layer 12 and HTSC layer 18, 1t has now been found
that a class of compounds called perovskite compounds
provide for a transitional lattice constant between layers 12
and 18 and 1s devoid of chemical reactions between the

layers which allows for highly oriented single crystalline
YBCO films 18 to be grown on garnet substrates 12.

Perovskite compounds are minerals having a crystal struc-
ture which 1s 1deally cubic and may occur as rounded cubes
modified by octahedral and dodecahedral forms. The cubic
nature of the perovskite compounds 1s useful i the epitaxial
orowth of such layers on garnet layer 12 as well as growth
or deposition on each other.

Of particular importance, it has been found that certain
perovskite compounds may be 1deally used as transitional
layers between substrate 12 and HTSC layer 18 to provide
diminishing and non-obstructive lattice constant transitional
values between garnet layer 12 and HTSC layer 18.

It has been found that the perovskite compound SrZrO,
(SZ0) has an orthorhombic structure. The SrZrO; has lattlce
parameters approximating a=5.792 A, b=5. 818 A, and

c=8.189 A. Layer 14 formed of the SrZrO, (SZO) has unit
cells which when aligned in the [100] dlrectlon of the
yttrium iron garnet (YIG) [100] plane provided for a mis-
match of the unit cells approximating 13%.

SZ0 films were grown on both GGG and YIG substrates
12 1n thickness ranges between 200—2000 A. The films were
epitaxially grown on substrate 12 and the film epitaxy was
conifirmed by both X-ray diffraction and 1on beam channel-
ing analysis. X-ray phi-scans reveal that the SZO [001]

plane had grown in parallel manner to the YIG and GGG
layer 12 [001] planes.

The SZO layer thus was grown in a cube on cube
orientation with respect to garnet substrate 12 with what

may be termed an aligned orientation as shown clearly 1n
FIG. 4.

The SZO layer 14 was deposited by pulsed laser deposi-
tfion techniques at O, partial pressure of approximately 200
to 220 mTorr and a temperature of approximately between

750°-850° C. and YBCO film 18 was deposited on both the
SZO0—GGG and the SZ0—YIG layers 12. The HTSC film
18 was deposited with a thickness approximating 3000 A
and was deposited at an oxygen partial pressure of 220
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mTorr and a temperature approximating 750° C. The com-
bined resulting films 18 provided superconductive transition
temperatures above 87 K however there was found to be an
approximate mismatch of 7.3% between the YBCO film 18
and the SZO film 14.

Although a reasonable quality microwave application
system was found using an SZO layer 14 sandwiched
between garnet layer 12 and YBCO layer 18, 1n order to
further reduce any mismatch between the perovskite layer
14 and the YBCO layer 18, a further perovskite layer 16
investigation was 1nitiated to still further lower any mis-
match between the perovskite compound layer and the

HTSC layer 18.

The second buifer layer 16 investigation was based upon
a search for a perovskite compound with lattice parameters
between the SZO layer 14 and the YBCO layer 18. The basic
criterita was to find a perovskite layer 16 which could be
orown epitaxially on first perovskite layer 14 and reduce the

lattice constant mismatch between the second layer 16 and
the YBCO layer 18.

Lattice constants on the a, b plane between the approxi-
mate 5.8 lattice constant of layer 14 and the HTSC layer
lattice constant 3.8 were made prime candidates for the
second buffering layer 16. SrTiO; (STO) having a lattice
constant of approximately 3.9 A and BaZrO, (BZO) having
a lattice constant approximating 4.2 A were selected to
determine whether such were amenable to the epitaxial
orowth and fabrication of system 10.

In both the cases of STO and BZO, the (001) plane was
rotated by 45° along the normal to fit on the SZO 14 plane.
The mismatch between the STO and SZO layers 12 and 14
approximated 7.1%. The mismatch between the BZO layer
16 and SZO layer 14 approximated 3.1%. Films of the
compounds STO and BZO were deposited to a thickness ot
500 A and were deposited at 750° C. with a partial oxygen
pressure of 220 mTorr. Film epitaxy for both STO and BZO
and plane rotation was confirmed through X-ray phi-scans.

Thus, the STO and/or BZO layers were grown at an
orientation of approximately 45° with respect to first per-
ovskite compound layer 14 as shown 1n FIG. 4. As further
seen 1n FIGS. 3 and 4, HT'SC layer 18 1s grown on layer 16
in a matching or aligned orientation similar to the aligned
cube on cube growth between layer 14 and garnet substrate
layer 12.

YBCO films 18 were deposited on both the STO and BZO
layers 16 and provided transition temperatures greater than
88 K with transition widths being less than 0.5 K. The
superconductive film properties using the second layers of
STO and BZO 16 was more pronounced for films grown on
YIG substrates 12 than GGG substrates 12 due to an
improved diffusion barrier resulting from the two buifer
combination.

In overall concept, 1t has now been found that a super-
conducting thin film system 10, particularly useful 1n micro-
wave applications, may be formed by integrating supercon-
ducting layer 18 with garnet substrate 12 through means of
a plurality of butfering layers such as layers 14 and 16. The
buffering layers 14 and 16 must be epitaxially grown to
substrate 12, to each other, and to superconducting layer 18.
A particular class of compounds called perovskite com-
pounds have been found useful in fabricating system 10
since such are approximately cubic in nature and can be
interfaced with substrate 12 and layer 18 in an epitaxial
relationship. Additionally, particular perovskite compounds
have been chosen to allow for a transitional diminishment of
the lattice constant between the garnet substrate 12 and the
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superconducting layer 18. In this manner, the superconduct-
ing layer 18 may be epitaxially grown on a top buifering
layer 16 with a minimal lattice constant mismatch resulting
in highly oriented films being grown.

In the method of forming superconducting thin film
system 10 garnet substrate 12 1s initially established which
has a garnet substrate lattice constant generally between 11
A and 13 A. In one form of the invention concept, a
perovskite compound buffer layer 14 1s epitaxially grown on
a garnet substrate with the perovskite compound buffer layer
14 having a lattice constant less than the garnet substrate
lattice constant. A high temperature superconducting layer
18 1s epitaxially deposited on the perovskite compound
buffer layer 14 with the high temperature superconducting,
layer 18 having a lattice constant less than the lattice
constant of the perovskite compound buifer layer 14. In this
manner, there 1s a transition between the relatively high
lattice constant of the substrate 12 and the relatively low
lattice constant of the superconducting layer 18.

The perovskite compound layer 14 1s pulse laser depos-
ited on an upper surface of the garnet substrate in an
environment approximating a temperature of 750° to 800°
C. with an oxygen partial pressure approximating 200
mTorr. The established garnet substrate layer 12 may be
selected from the group consisting of YIG, GGG or YAG.
Additionally, the perovskite layer 14 compound may be
formed of SrZrO,. Use of this perovskite compound results
in a transitional layer having a lattice constant approximat-
ing 5.8 which 1s a lattice constant nested between the lattice
constant of layers 12 and 18.

In order to further diminish any mismatch between super-
conducting layer 18 and a last buflering layer of a perovskite
compound, additional transitional buffering layers may be
incorporated into the fabrication of system 10. Initially,
cgarnet substrate 12 1s established and a first perovskite
compound buffer layer 14 1s epitaxially grown on an upper
surface of garnet substrate 12. First perovskite compound
buffer layer 14 has a lattice constant less than the garnet
substrate lattice constant to provide a first transitional buil-
ering layer. A second perovskite compound buifer layer 16
1s sequentially and epitaxially grown on an upper surface of
first perovskite compound layer 14 with the second perovs-
kite compound buifer layer 16 having a lattice constant less
than the first perovskite compound buffer layer lattice con-
stant. Finally, high temperature superconducting layer 18 1s
epitaxially deposited or grown on second perovskite com-
pound layer 16 with the high temperature superconducting,
layer 18 having a lattice constant approximating the lattice
constant of the second perovskite compound layer lattice
constant. In this manner there 1s a more gradual decrease or
transition from one layer to another layer within overall
system 10 and a mismatch of the lattice constant between
upper perovskite compound layer 16 and HTSC layer 18
may be further mimimized.

The first perovskite compound layer 14 may be pulse laser
deposited on substrate 12 and second perovskite compound
layer 16 similarly may be pulse laser deposited on {irst
perovskite compound layer 14. Finally, HT'SC layer 18 may
similarly be pulse laser deposited on an upper surface of
second perovskite compound layer 16.

Additionally, m order to provide the transitional lattice
constants, first perovskite compound layer 14 may be
formed of SrZrO, with second perovskite compound layer
16 being selected from the group consisting of BaZrO,,
SrT10,, or Sr,AlTaO...

Although this invention has been described 1n connection
with specific forms and embodiments thereof, 1t will be
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appreciated that various modifications other than those dis-
cussed above may be resorted to without departing from the
spirit or scope of the invention. For example, equivalent
clements may be substituted for those specifically shown
and described, certain features may be used independently of
other features, and 1n certain cases, particular locations of
clements may be reversed or interposed, all without depart-
ing from the spirit or scope of the invention as defined 1n the
appended claims.

What 1s claimed is:

1. A garnet superconducting thin film system having a
single crystal high temperature superconducting layer
(HTSC) integrated with a garnet substrate comprising;:

(a) a garnet substrate having a predetermined garnet
substrate lattice constant;

(b) a single crystal HI'SC layer having a predetermined
HTSC lattice constant; and,

(c) a plurality of epitaxially grown and contiguously
interfacing perovskite compound buffer layers depos-
ited between said garnet substrate and said HTSC layer,
a first of said perovskite compound buffer layers having,
a lattice constant less than said garnet substrate lattice
constant and grown on said garnet substrate in a cube
on cube orientation, a second of said perovskite com-
pound buffer layers having a lattice constant less than
said lattice constant of said first perovskite compound
buffer layer and grown on said first perovskite com-
pound layer at an orientation approximating 45° each
with respect to the other, said second of said perovskite
compound buffer layers having a lattice constant sub-
stantially matching said HTSC lattice constant.

2. The garnet superconducting thin film system as recited
in claim 1 where one of said perovskite compound layers 1s
formed of a compound having a formula AZrO, where A 1s
an eclement from the group consisting of barium or stron-
fium.

3. The garnet superconducting thin film system as recited
in claim 1 where said second perovskite compound layer 1s
formed from the group consisting of barium zirconate or
strontium titanate.

4. The garnet superconducting thin film system as recited

in claim 1 where said HTSC layer 1s selected from the group
consiting of YBaCuO (YBCO), BiSrCaCuO and TBa-

CaCuO.

5. The garnet superconducting thin film system as recited
in claim 4 where said YBCO superconducting layer has a
lattice constant approximating 3.8 A.

6. The garnet superconducting thin film system as recited
in claim 1 where said garnet substrate 1s a garnet compound

having the formula A;B:O,.,

where:

A=a rare earth element
B=iron, gallium, or aluminum
O=o0oxygen.

7. The garnet superconducting thin film system as recited
in claim 6 where said rare earth element 1s an element from
the group consisting of yttrium or gadolinium.

8. The garnet superconducting thin film system as recited
in claim 6 where said garnet compound has a lattice constant
within the range between about 11 and about 13 A.

9. The garnet superconducting thin film system as recited
in claim 6 where said first of said perovskite layers 1s formed
of SrZrO;, having a lattice constant approximating a dimen-

sion defined by each of the dimensions: a=5.814 A, b=5.799
A and c=8.196 A.

10. The garnet superconducting thin film system as recited
in claim 6 where said second of said perovskite layers 1is
formed of BaZrO; having a lattice constant approximating

42 A
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11. The superconducting garnet thin film system as recited
in claim 6 where said second of said perovskite layers 1is
formed of Srl110; having a lattice constant approximating
3.5 A.

12. The superconducting garnet thin film system as recited
in claim 6 where said second of said perovskite layers 1s
formed ot Sr,AlTaO4 having a lattice constant approximat-
ing 7.6 A.

13. A method of forming a garnet superconducting thin
f1lm system including the steps of:

(a) providing a garnet substrate having a predetermined
garnet substrate lattice constant;

(b) epitaxially growing in cube on cube relation, a per-
ovskite compound bufler layer on said garnet substrate,
said perovskite compound buffer layer having a lattice
constant less than said garnet substrate lattice constant;
and,

(¢) epitaxially depositing a high temperature supercon-
ducting layer (HTSC) on said perovskite compound
buffer layer, said HT'SC layer having a lattice constant
less than said lattice constant of said perovskite com-
pound buifer layer.

14. The method of forming a garnet superconducting film
system as recited 1n claim 13 where the step of epitaxially
orowling saild perovskite compound buifer layer includes the
step of pulse laser depositing said perovskite compound
buffer layer on an upper surface of said garnet substrate.

15. The method of forming a garnet superconducting film
system as recited 1n claim 14 where the step of pulse laser
depositing includes the step of establishing a pulse laser
deposition environment of approximately 750°-800° C. and
an oxygen partial pressure approximating 200-220 mTorr.

16. The method of forming a garnet superconducting thin
film system as recited 1n claim 15 where said garnet sub-
strate 1s selected form the group consisting of yttrium-iron-
cgarnet, gadolintum-gallium-garnet, or yttrium aluminum
garnet.

17. The method of forming a garnet superconducting thin
film system as recited 1n claim 16 where said perovskite
layer compound 1s SrZrQO..
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18. The method of forming a garnet superconducting thin
f1lm system including the steps of:

(a) establishing a garnet substrate having a predetermined
cgarnet substrate lattice constant;

(b) epitaxially growing in cube on cube relation, a first
perovskite compound buffer layer on said garnet
substrate, said first perovskite compound buifer layer
having a lattice constant less than said garnet substrate
lattice constant;

(c) sequentially eplta}ilally orowling a second perovskite
compound buffer layer on said first perovskite com-
pound buffer layer, said second perovskite compound
buffer layer having a lattice constant less than said first
perovskite compound buifer layer lattice constant, said
second perovskite compound builfer layer being grown
at substantially a 45° orientation to said first perovskite
compound buffer layer; and,

(d) epitaxially depositing a high temperature supercon-
ducting (HTSC) layer on said second perovskite com-
pound layer, said high temperature superconducting

,ayer having a lattice constant approximating said lat-

tice constant of said second perovskite compound layer

lattice constant.

19. The method of forming a garnet superconducting thin
film system as recited in claim 18 where the steps of (b), (¢),
and (d) include the steps of pulse laser depositing a respec-
tive layer on a preceding layer.

20. The method of forming a garnet superconducting thin
film system as recited 1in claim 18 where said garnet sub-
strate 1s selected from the group consisting of yttrium-iron-
cgarnet, gadolinlum-galllum-garnet or yttrium aluminum-
garnet.

21. The method of forming a garnet superconducting thin
f1lm system as recited 1n claim 18 where said first perovskite
compound layer 1s SrZrQO..

22. The method of forming a garnet superconducting thin
film system as recited in claim 18 where said second
perovskite compound layer compound 1s selected from the
group consisting of BaZrO;, SrT10;, or Sr,AlTa0..
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